Abstract. With the acceleration of Beijing-Tianjin-Hebei region integration, the optimization of energy structure in Beijing-Tianjin-Hebei has gradually become an important topic for the national development strategy. This paper simulates the energy system of Beijing-Tianjin-Hebei region in 2014 from the perspective of wind power by using the advanced energy planning model--EnergyPLAN. The simulation result shows that the optimal penetration proportion of wind power in Beijing-Tianjin-Hebei region is 18%. Then putting forward relative proposals of energy structure optimization of Beijing-Tianjin-Hebei region based on The program for the coordinated development of Beijing-Tianjin-Hebei Region.
Introduction
With the global climate change and energy crisis, policies have been formulated to raise the share of renewable energy in many nations around the world. As the core of economic development in the north of China, Beijing-Tianjin-Hebei region strives to enhance its capability to develop renewable energy, which is not only important approach to optimize the energy structure of Beijing-Tianjin-Hebei region, but also powerful force to promote the layout of urban development.
At present, the commonly used energy optimization simulation software are mainly TRNSYS16, HOMER, stream, H3RES, EnergyPLAN, etc. The EnergyPLAN can satisfy more comprehensive and complex Energy system optimization, and it can build all kinds of power station, power generation device, as well as the Energy storage device, so which has been widely used in Energy optimization [1] . Connolly used EnergyPLAN for simulation prediction, and proved that 100% of the new energy in Europe is feasible, even it can increased by nearly ten million of the jobs without the use of biofuels [2] . Novosel used EnergyPLAN to simulate the energy structure of Jordan with the shortage of Jordan's water. Analysis shows when the penetration proportion of wind power is 76%, it can greatly decrease CO2 emissions [3] . EnergyPLAN has been applied to model Portugal towards 2050 [4] , thereby providing energy systems modeling and simulations of externally generated scenarios.
The 13th Five-Year Plan clearly pointed out that our country should greatly increase the proportion of new energy sources in the future, and install wind power capacity of 200 million kW or more in 2020 [5] . But Shi Jingli et al. [6] gave the feasibility analysis about application of wind power of hydrogen and heating, and proved that wind can bring economic value in certain circumstances. At the same time, in April 2015, the political bureau of the Communist Party of China (CPC) central committee examination and approval of The program for the coordinated development of Beijing-Tianjin-Hebei Region [7] , it pointed out the direction for the coordinated development of Beijing-Tianjin-Hebei Region from the aspect of national strategy. So, based on The program for the coordinated development of Beijing-Tianjin-Hebei Region, the paper analyzes and predicts the optimal penetration proportion of wind power in Beijing-Tianjin-Hebei region, and puts forward policy suggestions on Beijing-Tianjin-Hebei regional energy structure and the coordinated development of cities.
Methodology

Research Approach
Firstly, the EnergyPLAN model is used to simulate the energy system of Beijing-Tianjin-Hebei region in 2014, and to test the accuracy of the model and determine the input values. Next it takes wind power as an example, puts it in accordance with the proportion of 0%-100% access, and then determines the maximum wind power penetration proportion. Finally, it proposes policy suggestions on structural optimization and regional integration.
Framework of EnergyPLAN Model
EnergyPLAN is a model developed by Aalborg University in Denmark, using the computer to analyze the inputs and outputs of regional or national energy system. The model is a deterministic model, which includes hour by hour computer simulations leading to the design of flexible energy systems. Different from other models, EnergyPLAN can simulate multi-branch system of regional energy system, including power systems, thermal systems, renewable energy systems, etc. Each energy system has a separate input and output interface. It can also summarize and optimize the whole system. All the advances make it a suitable model for this research.
Construction of EnergyPLAN Model
According to the condition of energy system in Beijing-Tianjin-Hebei region, the study have chosen seven energy systems, including electric power system, thermodynamic system, renewable energy systems, individual system, industrial system and traffic system. Electric Power System. Power consumption depends on a set of annual demand and distribution of data which from the database. The electricity demand for heating and cooling will decline due to increased efficiency. So, input power need to subtract the consumption of electricity utilization for heating and cooling power, the calculation formula is as follows:
D E means the annual electricity consumption, d E means electric power consumption per hour, d EH means daily power consumption for cooling, d EC means daily electricity heating consumption for heating. Thermodynamic System. The input of thermal energy consumption depends on the corresponding distribution data and the distribution of heat demand per hour which includes solar thermal energy production, storage quantity and loss. When the solar energy production exceeds the heat demand, the excess heat is transferred to the storage space; when the solar energy production is lower than the thermal demand, the storage space is reseted, the calculation formula is as follows: Renewable Energy Systems. Renewable energy input depends on the country or region of renewable energy installed capacity, the share of each energy and the corresponding data of the energy distribution. Type of renewable energy including hydropower, wind power, solar energy, tidal energy, geothermal energy and so on, combined with the development of local renewable energy, input can be selective.
Individual Systems, Industry Systems and Traffic Systems. Individual system energy inputs include coal consumption, oil consumption, the consumption of natural gas, biomass energy consumption and corresponding thermal distribution data. Fuel consumption of industrial system includes industrial coal consumption, industrial oil consumption, industrial natural gas consumption amount and industrial biomass fuel consumption. The energy input of transport system covers jet fuel, gasoline, diesel oil, natural gas, liquefied petroleum gas, and a small amount of electricity demand.
Results and Analysis
Accuracy of the Reference Model
Electric Power Demand. The total electricity demand is 507.14 TWh in 2014. Through the simulation, we can get the monthly distribution of electricity demand in Beijing-Tianjin-Hebei region as below. Data shows that the electricity distribution of each month and the actual distribution are highly similar ; so that the simulation model can correctly reflect the actual distribution of wind power.
Electricity Supply. In 2014, there are small differences between the simulated data and the actual data distribution in different departments, as showed in After these comparisons, there are small differences between actual value and simulated value. It can be concluded that the model can simulate Beijing-Tianjin-Hebei energy system in 2014 correctly. Therefore the model can be used to simulate the wind power penetration proportion in Beijing-Tianjin-Hebei energy system.
Optimization Analysis
In the process of model calculation, with the proportion of wind ranging from 0% to 100%, the change of the proportion of wind power at the same time can cause the change of the other two variables in the model. One is the Critical Excess Electricity Production (CEEP) meaning the excess electricity production and the other Primary Energy Supply (PES) which refers to inadequate supply of the renewable energy power leading to increase of primary energy usage [10] .
As shown in Figure 1a , with the augment of wind power penetration amount, the CEEP gradually rise. It starts to increase at 15%. When the penetration proportion is 100%, the CEEP accounts for 47% of the total electricity generation, namely 237TWh. With the increase of penetration amount, the number of CEEP increases accordingly. Consequently the local power station needs to close the wind power generator or to output the electricity. Fig. 1b shows the changing process of PES. The lowest point is 18% and the PES is 221.24TWh. This curve illustrates the process that the energy efficiency is improved. With the increase of the amount of renewable energy penetration, fossil fuel inputs have been reduced. However when the CEEP continuously increases, the energy efficiency is gradually reduced. At the same time, in order to determine the optimal amount of wind power penetration we need comprehensive consideration of the effects of CEEP and PES Thus we use the coefficient (COMP) to illustrate the combined effects of the increase of wind power penetration.
COMP=-ΔPES/ΔCEEP
(1)
ΔPES shows the reduction of PES, ΔCEEP shows the increase of CEEP. When COMP is 1, the wind power penetration reaches the highest point. When COMP is less than 1, it means that the increase of CEEP is more than the reduction of PES--thus the wind power should not be integrated to the system; When COMP is greater than 1, it means that the increase of CEEP is less than the reduction of PES, thus the wind power should be integrated to the energy system.
When the wind power penetration proportion increases from 16% to 17%, the CEEP increases 0.03 TWh and the PES decreases by 0.03 TWh. When the penetration proportion is greater than 17%, the increase of wind power investment has exceeded the fuel cost savings. Therefore we make conclusion that the maximum wind power penetration proportion of the energy system in Beijing-Tianjin-Hebei in 2014 is 17%. 
Policy Implications
The EnergyPLAN model has mainly been applied on integration of RES into the energy system,High-RES scenarios,general methodological issues within energy systems modeling and simulation and so on. This article mainly uses EnergyPLAN simulation and forecast the optimal penetration proportion of wind power in Beijing-Tianjin-Hebei region. Based the simulation results, here are some suggestions:
(1) Rationally adjusting the Beijing-Tianjin-Hebei 13th Five-Year Renewable Energy Plan, and setting the renewable energy development goals at about 17%. According to the model calculation, the optimal access of renewable energy is 17% in Beijing-Tianjin-Hebei region in 2014. However, the goals set in 13th Five-Year plan are 8% in Beijing, 4% in Tianjin, 7% in Hebei Province respectively. Combined with the actual situation, the government can adjust the Beijing-Tianjin-Hebei regional 13th Five-Year renewable energy planning targets to increase the proportion of renewable energy.
(2)The Collaborative Optimization Of Energy Structure. The program for the coordinated development of Beijing-Tianjin-Hebei Region provides a clear positioning for the development of the cities in Beijing,Tianjin and Hebei. Under the guideline of city orientation, the energy structure of the three regions also should be optimized and adjusted to meet the development needs of the three cities. There should be a overall collaborative optimization of energy structure which seems the Beijing-Tianjin-Hebei region as a whole.
(3)To increase the investment in renewable energy construction. The proportion of renewable energy in Beijing-Tianjin-Hebei area is about 5%, which is far away from the theoretical optimal access of renewable energy by 17%. Therefore, corresponding policy measures should be taken to improve the investment of power grid construction and support facilities.
